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4Zh zlvk wr wkdqn HXURVWDW iru judqwlqj shuplvvlrq wr xvh wkh plfurdjjuhjdwhg
gdwd iurp wkh Frppxqlw| Lqqrydwlrq Vxuyh|1 Ilqdqfldo vxssruw iurp PXUVW +￿txrwd
93(￿/ uhvsrqvleoh Hqulfr Vdqwduhool, lv judwhixoo| dfnqrzohgjhg1Devwudfw
Zh dqdo|vh erwk wkh wkhruhwlfdo dqg wkh hpslulfdo vlgh ri wkh lvvxh ri U)G
vslooryhuv1 Hdfk ￿up*v U)G frvwv duh lqfuhdvlqj lq wkh dprxqw ri lqirupdwlrq
wudqvplwwhg wr rwkhu ￿upv/ dqg zh dffrxqw iru wkh srvvlelolw| wkdw ￿upv frqwuro
vslooryhuv1 Zh frqvlghu erwk Frxuqrw0Qdvk dqg Frxuqrw0Vwdfnhoehuj ehkdylrxu1
Wkh hpslulfdo dqdo|vlv vxjjhvwv wkdw +l, ￿upv* frqwuro rq vslooryhuv lv uhodwlyho|
orz> +ll, wkh frvw0vdylqj h￿hfw dvvrfldwhg wr mrlqw yhqwxuhv ru U)G fduwhov lv
frq￿uphg iru lqgxvwulhv zkhuh ￿upv uho| pdlqo| xsrq rzq U)G dv d vrxufh
ri lqqrydwlrq> +lll, U)G frrshudwlrq pd| lqfuhdvh lqirupdwlrq vkdulqj/ wkhuhe|
hqkdqflqj vslooryhuv1
MHO Fodvvl￿fdwlrq= O46/ R64
Nh|zrugv= vslooryhuv/ mrlqw yhqwxuh/ U)G fduwho4 Lqwurgxfwlrq
Dssursuldelolw| kdv orqj ehhq lghqwl￿hg dv d pdmru sureohp idflqj wkh lqqrydwlqj
￿up1 Vlqfh lw fdq kdugo| dssursuldwh wkh ehqh￿wv frqqhfwhg wr lwv lqqrydwlrqv/
lw lv yhu| olnho| wkdw vxfk ￿up zloo qrw shuirup wkh ghvluhg U)G surmhfwv/ lwv
srvvlelolw| wr ixoo| h{sorlw wkhlu uhvxowv ehlqj wkuhdwhqhg e| ulydo ￿upv1 D vroxwlrq
wr wklv glohppd lv frrshudwlyh U)G/ hlwkhu frqgxfwhg e| ￿upv zkr vkduh wkh
frvwv dqg ehqh￿wv ri sduwlfxodu U)G surmhfwv/ ru frqvlvwlqj lq lqirupdo wudglqj
ri sursulhwdu| nqrz0krz ehwzhhq ulydo ￿upv +yrq Klssho/ 4<;:> 4<;;,1
D odujh hpslulfdo ghedwh kdv xqiroghg ryhu wkh odvw wzhqw| |hduv/ frqfhuqlqj
wkh pdjqlwxgh ri U)G vslooryhuv +iru dq ryhuylhz/ vhh Jhurvnl/ 4<<8d/e> dqg
Julolfkhv/ 4<<8> lqwhu dold,1 Wkh ryhudoo dssudlvdo pdlqwdlqv wkdw whfkqrorjlfdo
h{whuqdolwlhv duh zlghvsuhdg erwk lqwhu0 dqg lqwud0lqgxvwu|/ dowkrxjk wkhlu pdj0
qlwxgh ydulhv frqvlghudeo| dfurvv lqgxvwulhv14
Wklv glvfxvvlrq kdv wuljjhuhg d fruuhvsrqglqj wkhruhwlfdo dssurdfk wr wkh
dqdo|vlv ri U)G vslooryhuv +vhh g*Dvsuhprqw dqg Mdftxhplq/ 4<;;> Khqultxhv/
4<<3> Ndw} dqg Rugryhu/ 4<<3> gh Erqgw hw do1/4 < < 5> Ndplhq hw do1/ 4<<5> Vx}x0
pxud/ 4<<5,1 Wklv olwhudwxuh frqgxfwv frpsdudwlyh vwdwlfv xsrq htxloleulxp rxw0
sxwv dqg lqyhvwphqwv dfurvv dowhuqdwlyh rujdql}dwlrqdo ghvljqv vxfk dv U)G fdu0
whov dqg uhvhdufk mrlqw yhqwxuhv +UMYv, yv qrqfrrshudwlyh lqghshqghqw yhqwxuhv1
Wklv dqdo|vlv lv fduulhg rxw vr dv wr srlqw rxw zkhwkhu duudqjhphqwv olnh UMYv
dqg U)G fduwhov pd| khos ￿upv ryhufrph wkh zdvwhixo h￿ruw gxsolfdwlrq h￿hfw
dvvrfldwhg zlwk vwulfwo| qrqfrrshudwlyh ehkdylrxu lq wkh U)G skdvh1
Krzhyhu/ lq wkh diruhphqwlrqhg olwhudwxuh/ whfkqrorjlfdo h{whuqdolwlhv duh frq0
vlghuhg dv h{rjhqrxv wr ￿upv1 Wklv dvvxpswlrq lv dujxdeoh/ lq wkdw UMYv dqg
U)G fduwhov pd| lqghhg mxvwli| wkh lghd wkdw ￿upv vkduh wkhlu nqrzohgjh wr d
odujhu h{whqw wkdq wkh| zrxog lq fdvh ri lqghshqghqw yhqwxuhv1 Wkdw lv/ dq| irup
ri frrshudwlrq lq U)G pd| doorz ￿upv qrw rqo| wr uhgxfh lqglylgxdo dv zhoo dv
lqgxvwu| h{shqglwxuhv/ exw dovr wr lqwhuqdolvh h{whuqdolwlhv dv pxfk dv srvvleoh
wkurxjk wkh hqgrjhqrxv pdqrhxyulqj ri vslooryhuv1
Wr rxu nqrzohgjh/ wkh h{lvwlqj frqwulexwlrqv h{sorulqj wklv lvvxh duh wkrvh ri
Ndw} +4<;9,/ Ndwvrxodfrv dqg Xosk +4<<;, dqg Sr|djr0Wkhrwrn| +4<<<,1 Lq sdu0
wlfxodu/ Ndwvrxodfrv dqg Xosk +4<<;, hydoxdwh wkh ehkdylrxu ri d uhvhdufk mrlqw
yhqwxuh +UMY, djdlqvw lqghshqghqw yhqwxuhv/ wr ￿qg wkdw wkh vslooryhuv dvvrfl0
dwhg zlwk dq UMY duh dw ohdvw dv kljk dv wkrvh dvvrfldwhg zlwk wkh dowhuqdwlyh
duudqjhphqw1 Rq wkh frqwudu|/ d uhfhqw hpslulfdo frqwulexwlrq e| Fdvvlpdq dqg
Yhxjhohuv +4<<<, ￿qgv wkdw wkh suredelolw| ri frrshudwlqj lq U)G lv gluhfwo|
uhodwhg wr dssursuldelolw| +l1h1/ wkh suredelolw| lqfuhvhv zlwk lqfrplqj vslooryhuv
dqg ghfuhdvhv zlwk rxwjrlqj vslooryhuv,1
Lq wklv sdshu/ zh dqdo|vh erwk wkh wkhruhwlfdo dqg wkh hpslulfdo vlgh ri wkh lv0
4Lq sduwlfxodu/ iru lqwhu0lqgxvwu| vslooryhuv lq U)G dfwlylwlhv/ vhh Ehuqvwhlq dqg Qdglul
+4<;;,1
4vxh ri lqirupdwlrq vkdulqj/ ru whfkqrorjlfdo h{whuqdolwlhv1 Wkh wkhruhwlfdo dqdo|vlv
lv fduulhg rxw dorqj wkh dssurdfk lqwurgxfhg e| Dplu +4<<;,/ zkhuh hdfk ￿up*v
U)G frvwv duh lqfuhdvlqj lq wkh dprxqw ri lqirupdwlrq wudqvplwwhg wr rwkhu
￿upv1 Zh h{whqg klv dqdo|vlv wr dffrxqw iru wkh srvvlelolw| wkdw ￿upv frqwuro
vslooryhuv1 Dv d ehqfkpdun/ zh uhdvvhvv wkh odujho| glvfxvvhg fdvh ri d v|pphw0
ulf Frxuqrw gxrsro|1 Wkhq/ zh lqyhvwljdwh dq dv|pphwulf Frxuqrw0Vwdfnhoehuj
gxrsro| zkhuh rqh ￿up lv wkh ohdghu dw wkh pdunhw vwdjh1 Wkh pdlq uhvxowv fdq
eh vxppdulvhg dv iroorzv1
Iluvw/ frqvlghu Frxuqrw0Qdvk ehkdylrxu dw wkh pdunhwlqj vwdjh1 D mrlqw yhq0
wxuh/ ehlqj dq rujdqlvdwlrqdo ghvljq phdqw wr idyrxu lqirupdwlrq vkdulqj/ lqyroyhv
odujhu vslooryhuv wkdq lqghshqghqw yhqwxuhv1 Wkhq/ wkhuh hphujhv wkdw mrlqw sur￿w
pd{lplvdwlrq dw wkh U)G vwdjh +U)G fduwho, kdv d frvw0vdylqj h￿hfw dv frpsduhg
wr qrqfrrshudwlyh ehkdylrxu li dqg rqo| li vslooryhuv duh orz hqrxjk1 Wklv hqwdlov
wkdw/ li vslooryhuv duh hqgrjhqrxvo| frqwuroohg/ lqghshqghqw yhqwxuhv surylgh wkh
uljkw lqfhqwlyhv wrzdugv frvw vdylqj1
Vhfrqg/ frqvlghu Frxuqrw0Vwdfnhoehuj ehkdylrxu dw wkh pdunhw vwdjh1 Khuh/
zh rqo| h{dplqh vwulfwo| qrqfrrshudwlyh ehkdylrxu z1u1w1 vslooryhuv dqg U)G
h￿ruwv1 Zh ￿qg wkdw +l, wkh ohdghu*v U)G lqyhvwphqw lv odujhu wkdq wkh iroorzhu*v
li wkh vslooryhu iurp wkh iruphu wrzdugv wkh odwwhu lv vx!flhqwo| orz> +ll, li ￿upv
frpsohwho| frqwuro wkhlu uhvshfwlyh vslooryhuv/ wkh ohdghu lqyhvwv ohvv wkdq xqghu
wkh Qdvk htxloleulxp vroxwlrq/ zkloh wkh rssrvlwh krogv iru wkh pdunhw iroorzhu1
Zh whvw vrph ri wkh lpsolfdwlrqv ri wkh wkhruhwlfdo dqdo|vlv xvlqj d plfur0
djjuhjdwhg yhuvlrq ri wkh ￿uvw Frppxqlw| Lqqrydwlrq Vxuyh| +FLV, gdwdedvh
surylghg e| Hxurvwdw/ lq uhodwlrq wr irxu lqgxvwulhv +wh{wlohv/ forwklqj/ fkhplfdov
dqg phfkdqlfdo hqjlqhhulqj, lq pdqxidfwxulqj iru ￿yh HX frxqwulhv= Ehojlxp/
Ghqpdun/ Jhupdq|/ Lwdo|/ dqg Qruzd|1 Frqfhqwudwlrq lv phdvxuhg e| wkh Olqgd
lqgh{1
Rxu ￿qglqjv fdq eh vxppdulvhg dv iroorzv1 Iluvw/ wkh hpslulfdo lqyhvwljdwlrq
vxjjhvwv wkdw wkh h{whqw wr zklfk ￿upv hqgrjhqrxvo| frqwuro vslooryhuv lv uhod0
wlyho| orz1 Vhfrqg/ iru wh{wlohv dqg forwklqj/ wkh hpslulfdo whvw vxssruwv wkh fodlp
wkdw U)G frrshudwlrq hqwdlov d kljkhu ohyho ri U)G h￿ruw1 Wkh rssrvlwh hphujhv
frqfhuqlqj U)G lqwhqvlw| lq fkhplfdov dqg phfkdqlfdo hqjlqhhulqj1 Wkh uhvxowv
rewdlqhg iurp wkh vfdoh lqwhqvlyh +Wh{wlohv, dqg wkh vxssolhu grplqdwhg +Forwk0
lqj, lqgxvwulhv vxjjhvw wkdw zkhq rzq U)G lv qrw dv uhohydqw dv rwkhu vrxufhv ri
whfkqrorjlfdo lpsuryhphqw/ frrshudwlqj lq U)G pd| hqkdqfh wkh frpplwphqw/
dqg lpsuryh wkh delolw|/ wr fduu| rxw rzq U)G1 Wklug/ lq wkuhh lqgxvwulhv wkh
whvwv frq￿up wkdw U)G frrshudwlrq pd| lqfuhdvh lqirupdwlrq h{fkdqjh ehwzhhq
￿upv/ wkhuhe| hqkdqflqj vslooryhuv1
Wkh uhpdlqghu ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Wkh wkhruhwlfdo dqdo|vlv
lv fduulhg rxw lq vhfwlrq 51 Wkh gdwd vhw lv ghvfulehg lq vhfwlrq 61 Vhfwlrq 7
frqwdlqv wkh h{srvlwlrq ri hpslulfdo uhvxowv1 Ilqdoo|/ frqfoxglqj uhpdunv duh lq
vhfwlrq 81
55 Wkh wkhruhwlfdo vhwxs
Zh eruurz wkh wkhruhwlfdo iudphzrun iurp Dplu +4<<;/ vhh dovr Klqorrshq/ 4<<:,1
Zh frqvlghu d gxrsro| zkhuh txdqwlw|0vhwwlqj ￿upv vxsso| krprjhqhrxv surg0
xfwv/ pdunhw ghpdqg ehlqj
R ’ @ ￿ ^￿ ￿ ^2 ￿ +4,
Ilup ￿*v frqvwdqw pdujlqdo frvw lv jlyhq e| S￿ ’ S ￿ %￿ ￿ q￿%￿c zkhuh %￿ lv wkh
U)G lqyhvwphqw ri ￿up ￿ lq frvw uhgxflqj dfwlylwlhv/ dqg sdudphwhu q￿ 5 dfc￿o
phdvxuhv wkh dprxqw ri vslooryhu iurp ￿up ￿ wr ￿up ￿1 Wkh U)G frvw ixqfwlrq ri
hdfk ￿up lv g￿E%￿￿’
￿
2￿E￿nq￿￿%2
￿￿ Revhuyh wkdw wkh vslooryhu wr ￿up ￿ hqwhuv wkh
frvw ixqfwlrq ri ￿up ￿ vr dv wr pdnh lw frvwo| wr wkh odwwhu wr wudqvplw nqrzohgjh
wr wkh ulydo15 Wkh sur￿w ixqfwlrq orrnv dv iroorzv=






Dv vkrzq e| Dplu +4<<;> vhh Klqorrshq/ 4<<:/ iru frpsxwdwlrqdo ghwdlov,/ wklv vhw0
wlqj hqfrpsdvvhv erwk g*Dvsuhprqw dqg Mdftxhplq +4<;;, dqg Ndplhq/ Pxoohu
dqg ]dqj +4<<5,16
Zh zloo h{dplqh wkh iroorzlqj fdvhv=
￿ D v|pphwulf gxrsro| zkhuh %￿ dqg ^￿ duh erwk vhw vlpxowdqhrxvo|/ zlwk %￿
ehlqj fkrvhq hlwkhu frrshudwlyho| ru qrqfrrshudwlyho|/ zkloh ^￿ lv dozd|v vhw
qrqfrrshudwlyho|17
￿ Dq dv|pphwulf gxrsro| zlwk d grplqdqw ￿up dw wkh pdunhw vwdjh1 Khuh/
U)G h￿ruwv duh fkrvhq qrqfrshudwlyho| dqg vlpxowdqhrxvo|/ zkloh wkh pdu0
nhw vwdjh lv sod|hg ªo dVwdfnhoehuj1
Lq erwk fdvhv/ zh zloo lqyhvwljdwh wkh ehdulqjv rq ￿upv* shuirupdqfh dv zhoo
dv rq vrfldo zhoiduh ri mrlqw yv lqghshqghqw yhqwxuhv1 E| wklv zh phdq wkdw zh
duh jrlqj wr prgho h{solflwo| ￿upv* fkrlfhv frqfhuqlqj wkh vl}h ri vslooryhu q￿￿
Qrwlfh wkdw wkh sur￿w ixqfwlrq +5, ri ￿up ￿ lv/ uhvshfwlyho|/ olqhdu dqg lqfuhdvlqj
lq q￿/ dqg olqhdu dqg ghfuhdvlqj lq q￿￿ Wklv pdnhv lw srvvleoh wr hvwdeolvk wkdw lw
lv lq wkh lqwhuhvw ri hdfk ￿up wr vhw q￿ ’ f +uhvshfwlyho|/ q￿ ’￿ , li ￿upv fkrrvh
lqghshqghqw yhqwxuhv +uhvs1/ li wkh vhw xs d mrlqw yhqwxuh,18
5Lq Dplu +4<<;,/ v|pphwulf vslooryhuv duh frqvlghuhg iurp wkh rxwvhw/ vr wkdw wkh U)G frvw
ixqfwlrq lv Nl+{l,@4
5￿+4.￿,{5
l= Dowhuqdwlyho|/ vslooryhu h￿hfwv pd| pdwhuldolvh xqghu surgxfw
lqqrydwlrq/ yld wkh ghpdqg ixqfwlrqv +vhh Odpehuwlql dqg Urvvlql/ 4<<;> Odpehuwlql hw do1/
4<<;,1
6Iru wkh vwudwhjlf uhohydqfh ri hqgrjhqrxv vslooryhuv lq U)G udfhv/ vhh Gh Iudmd +4<<6,1
7Wkh srvvlelolw| wkdw ￿upv frrshudwh dw wkh pdunhw vwdjh lv frqvlghuhg erwk lq g*Dvsuhprqw
dqg Mdftxhplq +4<;;, dqg lq Dplu +4<<;,1 Zh vd| ￿frrshudwh￿ udwkhu wkdq ￿frooxgh￿ ehfdxvh
fduwho vwdelolw| lv qrw fkdudfwhulvhg lq hlwkhu ri wkhvh sdshuv1
8Wkh hqgrjhqrxv irupdwlrq +dqg wkh rswlpdo vl}h, ri frdolwlrqv/ l1h1/ U)G mrlqw yhqwxuhv/ lv
lqyhvwljdwhg e| \l dqg Vklq +5333, lq d prgho zlwk q ￿upv1
6514 Frxuqrw0Qdvk frpshwlwlrq
Zh frqvlghu khuh wkh fdvh zkhuh wkh pdunhw vwdjh lv sod|hg vlpxowdqhrxvo|1 Sur0
fhhglqj e| edfnzdug lqgxfwlrq/ wkh pdunhw vwdjh lv vroyhg ￿uvw iru jlyhq ydoxhv
ri %￿ dqg q￿￿ Wkh ￿uvw rughu frqglwlrqv +IRFv, duh=
YZ￿
Y^￿
’ @ ￿2^￿ ￿ ^2 ￿ S n %￿ n q2%2 ’f +6,
YZ2
Y^2
’ @ ￿2^2 ￿ ^￿ ￿ S n %2 n q￿%￿ ’f +7,










@ ￿ S nE 2￿ q2￿%2 ￿E￿ ￿ 2q￿￿%￿
￿
+9,
Soxjjlqj +8, dqg +9, lqwr wkh sur￿w ixqfwlrqv +5, dqg vlpsoli|lqj/ rqh jhwv wkh
uhohydqw remhfwlyh ixqfwlrq ri ￿up ￿ dw wkh vhfrqg vwdjh ri wkh jdph=
Z￿ ’
k








Vxssrvh ￿uvw wkdw ￿upv fdq shuihfwo| frqwuro wkh uhflsurfdo vslooryhu h￿hfwv/ dv




￿*b : f iru doo dgplvvleoh ohyhov ri wkh ￿up*v U)G
h￿ruw19 Khqfh/ zh fdq rqo| h{shfw fruqhu vroxwlrqv lq wkh vhfrqg vwdjh/ zkhuh
￿upv ghflgh ryhu wkh h{whqw ri wkh uhflsurfdo vslooryhuv1 Wklv ohdgv wr
Ohppd 4 Dvvxph ￿upv fdq shuihfwo| frqwuro wkh uhflsurfdo vslooryhuv1 Li vr/
￿upv* fkrlfhv dv wr wkhlu uhflsurfdo vslooryhuv duh dv iroorzv=
+l, Lqghshqghqw Yhqwxuhv1 Zkhq ￿upv gr qrw frrshudwh lq whupv ri lqiru0
pdwlrq vkdulqj/ wkhq q￿ ’ f ;￿￿
+ll, Mrlqw Yhqwxuh1 Li ￿upv vhw xs d mrlqw yhqwxuh dw wkh vhfrqg vwdjh/ wkhq
q￿ ’ ￿ ;￿￿
Frqvlghu qrz wkh ￿uvw vwdjh/ zkhuh ￿upv ghflgh xsrq wkhlu U)G h￿ruwv %￿￿
Iluvw/ h{dplqh wkh vlwxdwlrq zkhuh ￿upv sod| qrqfrrshudwlyho| lq wkh uhvhdufk
vwdjh1
9Sr|djr0Wkhrwrn| +4<<<, dvvxphv wkdw wkh frvwv ri lqqrydwlrq duh +￿{5
l,@5= Krzhyhu/ wklv
grhv qrw d￿hfw wkh vljq ri C￿l@C￿l/ zklfk lv dozd|v qhjdwlyh1
751414 Qrqfrrshudwlyh U)G dfwlylwlhv






@ ￿ S nE 2￿ q￿￿%￿ ￿ E￿ ￿ 2q￿￿%￿
l
b
￿￿E￿ n q￿￿%￿ ’f +;,




E￿ n q￿Eb￿ n2 q ￿ e￿
+<,
Iroorzlqj Sr|djr0Wkhrwrn| +4<<<,/ rqh pd| hqgrjhqlvh wkh vl}h ri wkh vslooryhu/
ghshqglqj xsrq wkh rujdqlvdwlrqdo ghvljq ri U)G dfwlylw|1 Xqghu lqghshqghqw
yhqwxuhv +UT,/ vhwwlqj q￿ ’ f dqg lpsrvlqj wkh reylrxv v|pphwu| frqglwlrq
%￿ ’ %￿ |lhogv rswlpdo U)G lqyhvwphqw %￿EUT ￿’e E @ ￿ S￿*Eb￿ ￿ e￿c zklfk lv
dffhswdeoh iru doo ￿:e*b￿; Htxloleulxp rxwsxwv duh ^￿EUT￿’￿ E @￿S￿￿*Eb￿￿e￿￿
Wkh fruuhvsrqglqj htxloleulxp sur￿wv/ frqvxphu vxusoxv dqg vrfldo zhoiduh duh
Z￿EUT￿’E @ ￿S￿2￿Eb￿ ￿ H￿*Eb￿ ￿e￿2( ￿7￿EUT￿’￿ H E @ ￿S￿2￿2*Eb￿ ￿ e￿2( dqg
7‘￿EUT￿’2 Z￿EUT￿n￿7￿EUT￿’e E @ ￿ S￿2￿*Eb￿ ￿ e￿￿
Xqghu mrlqw yhqwxuh +aT,/ vhwwlqj q￿ ’ ￿ dqg lpsrvlqj djdlq v|pphwu| %￿ ’
%￿ |lhogv lqglylgxdo htxloleulxp U)G h￿ruw %￿EaT￿’E @ ￿ S￿*Eb￿ ￿ 2￿c zklfk
lv dffhswdeoh iru doo ￿ : 2*b￿ Wkh htxloleulxp shu0￿up surgxfwlrq ohyho ri wkh
￿qdo jrrg lv ^￿EaT￿’￿ E @￿S￿￿*Eb￿￿2￿￿ Wkh fruuhvsrqglqj htxloleulxp sur￿wv/
frqvxphu vxusoxv dqg vrfldo zhoiduh duh Z￿EaT￿’E @ ￿ S￿2￿Eb￿ ￿ ￿￿*Eb￿ ￿ 2￿2(
￿7￿EaT￿ ’ ￿HE@ ￿ S￿2￿2*Eb￿ ￿ 2￿2( dqg 7‘￿EaT￿’2 Z￿EaT￿n￿7￿EaT￿
’2 E @ ￿ S￿2￿E￿H￿ ￿ ￿￿*Eb￿ ￿ 2￿2￿
Frpsdulqj %￿EUT￿ dqg %￿EaT￿ surgxfhv wkh iroorzlqj=
Uhpdun 4 Li wkh U)G frvw sdudphwhu ￿ 5 E2*bce*b￿c ￿upv pd| dfwlydwh d mrlqw
yhqwxuh zkloh wkh| fdqqrw fkrrvh lqghshqghqw yhqwxuhv1
51415 U)G fduwho
Frqvlghu qrz wkh fdvh ri mrlqw sur￿w pd{lpl}dwlrq lq wkh U)G h￿ruw ohyhov1 Wkh


















:Iru d fdvh zkhuh wkh joredo pd{lpxp pd| lqyroyh dv|pphwulf U)G lqyhvwphqwv dw wkh
￿uvw vwdjh/ vhh Vdodqw dqg Vkd￿hu +4<<;,1












lq dq rshq qhljkerxukrrg ri wkh htxloleulxp1 Iru wkh vdnh ri euhylw|/ zh rplw wkh uhodwhg
fdofxodwlrqv1 Vhh Tlx +4<<:,1




E2 n 2q￿￿E@￿ S￿n%￿d￿f ￿ ￿Sq￿ n￿ f q
2




￿2%￿de ￿ DEq￿ n q￿￿ ￿ eq￿q￿o
b
’f￿
Xqghu wkh uhdvrqdeoh dvvxpswlrq wkdw q￿ ’ q￿ ’ qc wkh v|pphwulf vroxwlrq wr
+44, lv=
%￿ ’ %￿ ’ %
￿ ’
2E@￿ S￿
b￿ ￿ 2q ￿ 2
￿ +45,
Wkhq/ vxevwlwxwlqj dqg v|psoli|lqj |lhogv lqglylgxdo rxwsxw ohyhov ^￿ ’ ￿E@ ￿
S￿￿*Eb￿￿2q￿2￿ dqg fduwho sur￿wv Z￿ ’ E@￿S￿2￿*Eb￿￿2q￿2￿￿ Frqvxphu vxusoxv
dw wkh frrshudwlyh htxloleulxp dprxqwv wr ￿7￿ ’ ￿HE@ ￿ S￿2￿2*Eb￿ ￿ 2q ￿ 2￿2c
dqg ￿qdoo| vrfldo zhoiduh lv 7‘￿ ’ eE@￿S￿2￿Eb￿￿q￿￿￿*Eb￿￿2q￿2￿2￿ Vhwwlqj
q ’ f ru q ’￿ c dowhuqdwlyho|/ |lhogv wkh uhohydqw htxloleulxp pdjqlwxghv lq wkh
fdvhv ri lqghshqghqw yhqwxuhv ru mrlqw yhqwxuhv/ uhvshfwlyho|1 Wklv doorzv xv wr
vwdwh wkh iroorzlqj sursrvlwlrq +vhh Dplu/ 4<<;/ Dsshqgl{,=
Sursrvlwlrq 4 Frpsduh wkh U)G h￿ruw ohyhov %￿ dqg %￿ G
+l, Xqghu lqghshqghqw yhqwxuhv/ vhw q ’fdqg dvvxph ￿ : e*b lq rughu iru
%￿EaT￿ dqg %￿EaT￿ wr eh erwk dgplvvleoh1 Wkhq/ %￿EaT￿ :% ￿EaT￿￿
+ll, Xqghu mrlqw yhqwxuh/ vhw q ’ ￿ dqg dvvxph ￿:2*b lq rughu iru %￿EUT￿
dqg %￿EUT￿ wr eh erwk dgplvvleoh1 Wkhq/ %￿EUT￿ ￿% ￿EUT￿￿
D ￿up*v lqglylgxdo suhihuhqfhv ryhu wkh dowhuqdwlyh duudqjhphqwv iru lqqryd0
wlyh dfwlylwlhv duh vxppdulvhg e|=
Sursrvlwlrq 5 Z￿EaT￿ :Z ￿EaT￿ :Z ￿EUT￿ :Z ￿EUT￿ iru doo ￿:e*b￿
Sursrvlwlrq 5 hvwdeolvkhv wkdw/ ryhudoo/ wkh mrlqw yhqwxuh fohduo| grplqdwhv
lqghshqghqw yhqwxuhv iurp wkh lqglylgxdo ￿up*v ylhzsrlqw1 Lqvwhdg/ wkh frq0
yhqlhqfh ri frrshudwlrq dw wkh ￿uvw vwdjh lv dpeljxrxv/ lq wkdw wkh fkrlfh ri
qrqfrrshudwlyh uhvhdufk h￿ruwv grplqdwhv frrshudwlrq li wkh iruphu shuvshfwlyh
lv dffrpsdqlhg e| d mrlqw yhqwxuh zkloh wkh vhfrqg frpelqhv zlwk lqghshqghqw
yhqwxuhv1 Revhuyh wkdw wkh fkdlq ri lqhtxdolwlhv lq wkh deryh sursrvlwlrq idlov wr
krog li ￿ 5 E2*bce*b￿c zkhuh rqo| lqghshqghqw yhqwxuhv duh dgplvvleoh zkloh wkh
mrlqw yhqwxuh lv qrw1
Vrfldo suhihuhqfhv uhpdlq wr hydoxdwh1 Wklv lv grqh lq wkh iroorzlqj=
Sursrvlwlrq 6 7‘￿EaT￿ :7 ‘ ￿EUT￿ :7 ‘ ￿EaT￿ :7 ‘ ￿EUT￿ iru doo ￿ :
e*b￿
Ilqdoo|/ sursrvlwlrqv 5 dqg 6 surgxfh wkh iroorzlqj uhohydqw fruroodu|=
Fruroodu| 4 Wkh frpelqdwlrq ri U)G frrshudwlrq dqg mrlqw yhqwxuh dsshduv dv
wkh ehvw rswlrq iurp erwk wkh lqglylgxdo dqg wkh vrfldo vwdqgsrlqw1
9515 Frxuqrw0Vwdfnhoehuj frpshwlwlrq
Khuh/ zh fkdudfwhulvh wkh vlwxdwlrq zkhuh wkhuh h{lvwv d grplqdqw ￿up1 Wr iru0
pdolvh wklv lghd/ zh vxssrvh wkdw rqh ￿up wdnhv wkh ohdg dw wkh wklug vwdjh ri wkh
jdph/ dqg wkh ulydo iroorzv1 Dv lq 51414/ wkh vroxwlrq frqfhsw iru wkh ￿uvw dqg
wkh vhfrqg vwdjh lv wkh vlpxowdqhrxv Qdvk htxloleulxp1< Dvvxph ￿up 4 sod|v wkh
ohdghu*v uroh1 Djdlq/ wkh wkuhh0vwdjh jdph lv vroyhg e| edfnzdug lqgxfwlrq1 Wkh
ohdghu*v sureohp frqvlvwv lq=
4@ 






xqghu wkh frqvwudlqw uhsuhvhqwhg e| wkh iroorzhu*v uhdfwlrq ixqfwlrq=
^2 ’
@ ￿ S ￿ ^￿ n q￿%￿ n %2
2
￿ +47,




@￿ S ￿ q￿%￿ ￿ %2
2
n %￿ ￿ q2%2 ￿ +48,
Vxshuvfulsw 7u vwdqgv iru Vwdfnhoehuj ohdghu1 Wkh uhvxowlqj sur￿w ixqfwlrqv dw
wkh vhfrqg vwdjh duh=
Z￿ ’

















zkhuh vxshuvfulsw 78 vwdqgv iru Vwdfnhoehuj iroorzhu1 Khuh/ wkh dqdo|vlv ri wkh
￿uvw wzr vwdjhv lv pruh lqyroyhg wkdq xqghu Frxuqrw0Qdvk ehkdylrxu/ gxh wr wkh
dv|pphwu| dvvrfldwhg zlwk wkh deryh Vwdfnhoehuj vroxwlrq dw wkh pdunhw vwdjh1
Vxssrvh ￿uvw wkdw vslooryhuv q￿ duh h{rjhqrxvo| jlyhq1 Li vr/ ￿upv surfhhg wr
rswlplvh z1u1w1 U)G h￿ruwv wr rewdlq %7u
￿ Eq￿cq2￿ dqg %78
2 Eq￿cq2￿143 Lw fdq eh
hvwdeolvkhg wkdw %7u
￿ Eq￿cq2￿ :% 78











X’d D ￿ ￿ q2E2q2 n￿ ￿nS o
2 ￿ eE2q2 ￿￿￿d2E2q2 ￿ ￿￿ ￿￿￿￿ ￿o ￿ +4<,
<Khuh/ zh irfxv rq qrqfrrshudwlyh ehkdylrxu wkurxjkrxw wkh wkuhh vwdjhv1
43Wkh h{suhvvlrqv iru {VO
4 +￿4>￿ 5, dqg {VI
5 +￿4>￿ 5, duh rplwwhg iru euhylw|1 Wkh| duh dydlodeoh
xsrq uhtxhvw1
:Frqyhuvho|/ %7u
￿ Eq￿cq2￿ ￿% 78
2 Eq￿cq2￿ iru doo ydoxhv ri q￿ kljkhu wkdq wkh xsshu
erxqg ri wkh lqwhuydo vshfl￿hg lq +4;,1 Wkhuhiruh/ jlyhq jhqhulf vslooryhu ohy0
hov/ wkh frpsdulvrq ehwzhhq ￿upv* U)G lqyhvwphqwv |lhogv dpljxrxv uhvxowv li
Vwdfnhoehuj frpshwlwlrq dw wkh wklug vwdjh lv frqvlghuhg144
Krzhyhu/ wklv dpelydohqfh ydqlvkhv li vslooryhuv duh hqgrjhqrxv1 Lw fdq eh
txlfno| fkhfnhg wkdw/ xqghu vwulfwo| qrqfrrshudwlyh ehkdylrxu/ erwk ￿upv ￿qg lw
sur￿wdeoh wr uhgxfh vslooryhuv dv pxfk dv srvvleoh/ l1h1/ YZ￿*Yq￿ ￿ f ;￿￿ Dv dq
looxvwudwlrq/ vxssrvh ￿upv fdq shuihfwo| frqwuro vslooryhuv1 Vlqfh YZ￿*Yq￿ ￿ fc dw
wkh vhfrqg vwdjh erwk ￿upv vhw q￿ ’f 1 Khqfh/ wkh uhohydqw remhfwlyh ixqfwlrqv
dw wkh ￿uvw vwdjh ehfrph=
Z￿ ’







































￿E@￿ S￿E￿ ￿ 2￿
H￿2 ￿ ￿.￿ nS
+57,
dv wkh htxloleulxp U)G lqyhvwphqw1 Revhuyh wkdw %￿ dqg %2 duh erwk srvlwlyh li
￿:2￿ Reylrxvo|/ wklv frqvwudlqw frphv iurp wkh iroorzhu*v vroxwlrq145 Pruhryhu/
qrwlfh wkdw %7u
￿ :% 78
2 ￿ Wkhq/ wkh deryh glvfxvvlrq/ wrjhwkhu zlwk wkh frpsdulvrq
ehwzhhq +57, dqg +<, vx!fh wr ghulyh wkh iroorzlqj=
Sursrvlwlrq 7 Zkhq wkh pdunhw vwdjh lv d Vwdfnhoehuj jdph/ wkhq
+l, Li vslooryhuv duh h{rjhqrxv ru lpshuihfwo| frqwuroohg e| ￿upv/ wkh pdunhw
ohdghu lqyhvwv pruh wkdq wkh iroorzhu li wkh vslooryhu iurp wkh ohdghu wr wkh iroorzhu
lv vx!flhqwo| orz1
+ll, Li ￿upv frqwuro wkhlu uhvshfwlyh vslooryhu ohyhov/ wkh pdunhw ohdghu lqyhvwv
ohvv wkdq xqghu wkh Qdvk htxloleulxp vroxwlrq iru doo dgplvvleoh ydoxhv ri wkh
uhohydqw sdudphwhuv1 Wkh rssrvlwh krogv iru wkh pdunhw iroorzhu1
Hydoxdwlqj wkh ryhudoo h￿ruw ri wkh lqgxvwu| xqghu wkh Vwdfnhoehuj vroxwlrq/
djdlqvw wkh fruuhvsrqglqj pdjqlwxgh revhuyhg xqghu wkh Qdvk vroxwlrq/ zh rewdlq
wkh iroorzlqj=
44Wklv uhvxow lv eurdgo| lq olqh zlwk suhylrxv olwhudwxuh rq dv|pphwulf U)G udfhv +vhh Jurvv0
pdq dqg Vkdslur/ 4<;:> Ghoerqr dqg Ghqlfroı/ 4<<4/ lqwhu dold,1
45Vhfrqg rughu frqglwlrqv duh phw iru doo ￿A<@;=
;Sursrvlwlrq 8 Lqgxvwu| U)G h￿ruw lv odujhu xqghu wkh Qdvk htxloleulxp wkdq
xqghu wkh Vwdfnhoehuj htxloleulxp iru doo ￿ : 2￿
Wklv fdq eh hqwluho| lpsxwhg wr wkh orzhu lqfhqwlyh iru wkh ohdghu wr lqyhvw
lq surfhvv lqqrydwlrq/ gxh wr wkh idfw wkdw wklv ￿up wudghv r￿ wkh srvvlelolw|
ri hqkdqflqj khu rzq sur￿wv wkurxjk pdunhw ohdghuvkls djdlqvw wkh dowhuqdwlyh
frqvlvwlqj lq d frvwo| frpplwphqw1 Revhuyh wkdw wkh deryh vwdwhphqw lv wuxh
d iruwlrul zkhq ￿ 5 Efc2oc dv lq vxfk d udqjh wkh Vwdfnhoehuj htxloleulxp lv
lqdgplvvleoh1
516 Glvfxvvlrq
Wkh deryh dqdo|vlv kdv ehhq fduulhg rxw xqghu wkh dvvxpswlrq wkdw whfkqrorjlfdo
vslooryhuv eh hqwluho| xqghu wkh ￿upv* frqwuro1 Krzhyhu/ lq uhdo0zruog vlwxdwlrqv
zh pd| qrw h{shfw ￿upv wr eh deoh wr shuirup vxfk d frpsohwh pdvwhulqj ri
wkh  rz ri lqirupdwlrq surgxfhg e| wkhlu U)G dfwlylwlhv1 Iru h{dpsoh/ loohjdo
lqirupdwlrq dftxlvlwlrq dqg2ru vnloohg oderxu prelolw| pd| jhqhudwh vrph ghjuhh
ri vslooryhuv hvfdslqj ￿upv* frqwuro1
Khqfh/ lq jhqhudo/ zh pd| irupxodwh wkh iroorzlqj=
Sursrvlwlrq 9 +Dplu/ 4<<;, Iru doo dffhswdeoh ydoxhv ri ￿c zh kdyh wkdw
+l, %￿ :% ￿ iru doo q 5 dfc￿*2￿c dqg
+ll, %￿ ￿% ￿ iru doo q 5 E￿*2c￿o￿
Wklv dprxqwv wr vd|lqj wkdw frrshudwlrq lq U)G hqwdlov dq h￿ruw0vdylqj hi0
ihfw li dqg rqo| li whfkqrorjlfdo vslooryhuv duh orz hqrxjk1 Lq wkh rssrvlwh fdvh/
frrshudwlrq surgxfhv kljkhu U)G h￿ruwv dv frpsduhg wr wkh qrqfrrshudwlyh
vhwwlqj/ ehfdxvh wkh pd{lplvdwlrq ri mrlqw sur￿wv doorzv ￿upv wr h{wudfw pruh
frqvxphu vxusoxv dqg wkxv ohdgv wkhp wr lqyhvw d odujhu dprxqw ri uhvrxufhv
+vhh dovr g*Dvsuhprqw dqg Mdftxhplq/ 4<;;> Ndplhq/ Pxoohu dqg ]dqj/ 4<<5>
Vx}xpxud/ 4<<5,1 Krzhyhu/ wklv uhvxow gudvwlfdoo| ghshqgv xsrq ￿upv* delolw| wr
frqwuro hqgrjhqrxvo| wkh h{whqw ri h{whuqdolwlhv1 Lq jhqhudo/ wkh iroorzlqj krogv=
Sursrvlwlrq : Vlqfh Y￿￿*Yq￿ : f dqg YZa
￿ *Yq￿ ￿ fca’ ￿c78c7uc vslooryhuv
fdq eh h{shfwhg wr eh kljkhu zkhq ￿upv vhw xs dq U)G fduwho/ dv frpsduhg wr doo
rwkhu vlwxdwlrqv zkhuh wkh| frpshwh lq U)G1
Wkh deryh vwdwhphqw lv d txdolwdwlyh suhglfwlrq vxjjhvwlqj wkdw frrshudwlrq
pd| errvw wkh h{fkdqjh ri lqirupdwlrq ehwzhhq ￿upv +dqg frqyhuvho| iru wkh fdvh
ri qrqfrrshudwlyh ehkdylrxu,1
<6 Gdwd
Lq rughu wr surylgh hpslulfdo hylghqfh lq vxssruw ri vrph ri wkh wkhruhwlfdo k|0
srwkhvhv glvfxvvhg lq suhylrxv vhfwlrqv/ zh xvh d plfur0djjuhjdwhg yhuvlrq ri wkh
￿uvw Frppxqlw| Lqqrydwlrq Vxuyh| +FLV, gdwdedvh surylghg e| Hxurvwdw1 Wkh
FLV surmhfw zdv odxqfkhg lq 4<<4 wr vwruh plfur gdwd rq lqqrydwlyh dfwlylwlhv
iurp doo phpehu vwdwhv ri wkh Hxurshdq Xqlrq +HX, lq rqh frpprq/ kduprqlvhg
gdwd edvh1 Dv d ￿up0edvhg vxuyh| ri lqqrydwlrq/ lw surylghv lqirupdwlrq rq lq0
qrydwlyh rxwsxw/ ghwhuplqdqwv ri lqqrydwlrq/ eduulhuv wr lqqrydwlrq/ lqqrydwlyh
h￿ruwv/ dqg lqqrydwlyh uhvxowv1 Lq wklv frqqhfwlrq/ lw fdq eh xvhg wr ryhufrph wkh
prvw iuhtxhqw sureohpv dulvlqj iurp wkh dgrswlrq ri wudglwlrqdo lqgluhfw phdvxuhv
ri lqqrydwlrq/ vxfk dv U)G lqyhvwphqwv/ qxpehu ri sdwhqwv/ dqg whfkqrorjlfdo
edodqfh ri sd|phqwv1
Gxh wr frq￿ghqwldolw| uhdvrqv/ wkh ruljlqdo gdwd froohfwhg iru |hdu 4<<5 lq hdfk
ri wkh sduwlflsdwlqj frxqwulhv zhuh plfur0djjuhjdwhg e| Hxurvwdw xvlqj gl￿huhqw
whfkqltxhv dffruglqj wr wkh qdwxuh ri wkh yduldeohv1 Wkuhh plfur0djjuhjdwlrq sur0
fhgxuhv zhuh dssolhg lq wkh fdvhv ri txdqwlwdwlyh/ ruglqdo/ dqg qrplqdo yduldeohv/
uhvshfwlyho|= lqglylgxdo udqnlqj/ lqglylgxdo udqnlqj zlwk ￿vqdnh￿/ dqg fodvvl￿fd0
wlrq e| ￿vlplolwxgh￿1 Dssolfdwlrq ri wkh lqglylgxdo udqnlqj phwkrg wr txdqwlwd0
wlyh yduldeohv uhtxluhg wkh sulpdu| yduldeohv wr eh udqnhg lq lqfuhdvlqj rughu/ dqg
lqglylgxdo revhuydwlrqv wr eh jurxshg e| wkuhh dqg wkhq uhsodfhg zlwk wkh foxvwhu
dulwkphwlf phdq1 Zkhuhdv doo wkh phwulf yduldeohv zhuh plfur0djjuhjdwhg lqgh0
shqghqwo|/ ruglqdo yduldeohv zhuh jurxshg lqwr dssursuldwh vhjphqwv/ dqg wkhq
udqnhg dffruglqjo|1 Lq sduwlfxodu/ rqfh d vhjphqw ri dw ohdvw wzr ruglqdo yduldeohv
kdg ehhq lghqwl￿hg/ dq duelwudu| djjuhjdwlrq sdwk +wkh vqdnh, zdv fkrvhq1 Wkh
￿uvw wkuhh revhuydwlrqv wkdw wkh vqdnh hqfrxqwhuhg zhuh jurxshg wrjhwkhu dqg
wkhuhiruh wkh ruljlqdo ydoxhv zhuh uhsodfhg zlwk wkh phgldq ri wkh jurxs1 Wkhq/
wkh vdph surfhgxuh dssolhg wr wkh qh{w wkuhh dqg vr rq1 Lq wkh fdvh ri qrpl0
qdo yduldeohv/ d vlpsoh phwkrg ri jurxslqj vlplodu revhuydwlrqv dffruglqj wr d
sduwlfxodu vhjphqw zdv xvhg= wkh prvw vlplodu wkuhh revhuydwlrqv zhuh jurxshg
wrjhwkhu dqg wkh ruljlqdo ydoxhv uhsodfhg e| wkh foxvwhu prgh146
Wkxv/ lq wkh suhvhqw sdshu/ zh xvh plfur0gdwd ghdolqj zlwk ￿svhxgr0￿upv￿
rewdlqhg wkurxjk d vwdqgduglvhg plfur0djjuhjdwlrq surfhgxuh1 Lq sduwlfxodu/ wkh
FLV gdwdedvh lv hpsor|hg lq uhodwlrq wr irxu lqgxvwulhv lq pdqxidfwxulqj iru ￿yh
HX frxqwulhv= Ehojlxp/ Ghqpdun/ Jhupdq|/ Lwdo|/ dqg Qruzd|1 Wkh lqgxvwulhv
zhuh vhohfwhg rq wkh edvlv ri wkhlu jhqhudo whfkqrorjlfdo ihdwxuhv/ dffruglqj wr wkh
frpprqo| xvhg wd{rqrp| vxjjhvwhg e| Sdylww +4<;7,1 Zh fkrvh wkh iroorzlqj
w|shv ri lqgxvwulhv= vfdoh lqwhqvlyh +Wh{wlohv,/ vxssolhu grplqdwhg +Forwklqj,/
vflhqfh edvhg +Fkhplfdov,/ dqg vshfldolvhg vxssolhu +Phfkdqlfdo hqjlqhhulqj,1
Dv idu dv wkh yduldeohv duh frqfhuqhg/ doo wkh uhohydqw lqirupdwlrq uhihuv wr 4<<5/
zlwk ￿U)G frrshudwlrq￿ ghqrwlqj +svhxgr,￿upv lqyroyhg lq dq| nlqg ri irupdo
46Lw lv zruwk qrwlqj wkdw wkh revhuydwlrqv jurxshg wrjhwkhu kdg d yhu| forvh glvwulexwlrq1
43ru lqirupdo U)G surmhfw zlwk rwkhu +svhxgr,￿upv/ dqg wkh HFX*v dprxqwv iru
￿U)G h{shqglwxuhv￿ dqg ￿U)G h{shqglwxuhv shu hpsor|hh￿ +dv d sur{| iru U)G
lqwhqvlw|, h{suhvvhg lq fxuuhqw 4<<5 HFX1 Wkh glvwulexwlrq ri +svhxgr,￿upv e|
lqgxvwu| dqg frxqwu| lv uhsruwhg lq wdeoh 41
Wdeoh 41 Qxpehu ri +svhxgr,￿upv e| lqgxvwu| dqg frxqwu|
Wh{wlohv Forwklqj Fkhplfdov Phfk1 Hqj1 Wrwdo
EHO 7<; 538 65: 659 4689
GN 9< 7 439 67< 85;
JHU 53<5 ;<4 5683 438;< 48<55
LWO <4< 6:4 885 4<9< 6;44
QRU 45 47 67 44: 4::
Wrwdo 68<3 47;8 669< 46683 54:<7
Wkh ruljlqdo vxuyh| zdv fduulhg rxw rq d vdpsoh ri hqwhusulvhv/ uhsuhvhqwdwlyh
ri wkh zkroh iudph srsxodwlrq1 Dffruglqjo|/ ehiruh fduu|lqj rxw dq| dqdo|vlv/ lw
zdv qhfhvvdu| wr wdnh lqwr dffrxqw wkh jurvvlqj xs idfwruv +ru zhljkwlqj idfwruv,1
Wr wklv sxusrvh/ hdfk revhuydwlrq zdv pxowlsolhg iru wkh fruuhvsrqglqj zhljkwlqj
idfwru147
7 Hpslulfdo uhvxowv
Gxh wr vwurqj gdwd frqvwudlqwv/ zh frxog rqo| whvw gluhfwo| Sursrvlwlrqv 7/ 8/ 9
dqg :/ xqghu wkh dvvxpswlrq wkdw vslooryhuv duh wdnhq dv h{rjhqrxv1
Dv vwdwhg lq Sursrvlwlrqv 7 dqg 8/ Vwdfnhoehuj ohdghuv duh h{shfwhg wr kdyh
d orzhu lqqrydwlyh h￿ruw wkdq rwkhu ￿upv1 Iru wkh sxusrvhv ri wkh hpslulfdo
dqdo|vlv/ zh lghqwl￿hg Vwdfnhoehuj ohdghuv e| frpsxwlqj iru hdfk lqgxvwu| lq hdfk
frxqwu| d vwdqgdug phdvxuh ri frqfhqwudwlrq= wkh Olqgd lqgh{1 Wklv gl￿huv iurp
wkh prvw frpprq phdvxuhv ri frqfhqwudwlrq iru lwv xvhixoqhvv lq lghqwl￿fdwlrq ri
wkh ￿roljrsro| wkuhvkrog￿1







zkhuh ￿upv duh rughuhg e| wkh ghfuhdvlqj ydoxh ri wkhlu pdunhw vkduh ’/ zlwk ￿￿
ghqrwlqj wkh wrwdo pdunhw vkduh ri wkh ￿uvw l ￿upv dprqj wkh g odujhvw rqhv1 Lq
wklv uhodwlrq/ g lv d qxpehu erxqghg ehwzhhq 5 dqg ￿/ zklfk lq wxuq ghqrwhv
wkh wrwdo qxpehu ri ￿upv1
47Hvwlpdwlrqv fduulhg zlwkrxw zhljkwlqj idfwruv surylgh uhvxowv frqvlvwhqw zlwk wkrvh suh0
vhqwhg khuh1 Wkh| duh dydlodeoh rq uhtxhvw iurp wkh dxwkruv1








Lq wklv zd|/ d phdvxuh ri frqfhqwudwlrq +u, rewdlqv/ frqglwlrqdo xsrq wkh ydoxh
fkrvhq iru g1 Dffruglqjo|/ lq rughu wr lghqwli| wkh roljrsro| wkuhvkrog +li lw grhv
h{lvw, lq hdfk pdunhw/ d vhw ri Olqgd lqghfhv pxvw eh frpsxwhg= u2 iru g ’ 2/
u￿ iru g ’￿ / ue iru g ’e / dqg vr rq1
Zkhq lw lv lghqwl￿hg/ wkh ￿uvw glvfrqwlqxlw| lq wkh frpsxwhg ydoxhv ri wkh
Olqgd lqgh{ ghqrwhv wkh vhw ri g ￿upv rshudwlqj lq wkh roljrsro| duhd1 Lq rwkhu
zrugv/ zkhq wkh Olqgd lqgh{ frpsxwhg iru g n￿￿upv lv kljkhu wkdq wkdw
frpsxwhg iru g ￿upv/ wkhq g uhsuhvhqwv wkh roljrsro| wkuhvkrog1 Lq wklv sdshu/
zh frpsxwh pdunhw vkduhv dv udwlrv ehwzhhq d ￿up*v vdohv dqg wrwdo vdohv lq wkh
lqgxvwu|/ dqg zh gr wklv vhsdudwho| iru hdfk frxqwu|1 Ilupv lqvlgh wkh roljrsro|
duhd duh wdnhq dv Vwdfnhoehuj ohdghuv/ zkhuhdv wkrvh rxwvlgh duh frqvlghuhg dv
Vwdfnhoehuj iroorzhuv1D vxppdu| lv jlyhq lq Wdeoh 51
Wdeoh 51 Qxpehu ri pdunhw ohdghuv e| frxqwu| dqg lqgxvwu|
Ehojlxp Ghqpdun Jhupdq| Lwdo| Qruzd| Wrwdo
Wh{wlohv 465 56 74; 3 8 8:;
Forwklqj 49< 3 559 53 3 748
Fkhplfdov 48 67 7<9 3 7 87<
Phfkdqlfkdo Hqj1 :: 3 3 5 6 6 :
Wr whvw sursrvlwlrqv 7 dqg 8 hpslulfdoo|/ zh xvh +Wdeoh 6, d vlpsoh dqdo|vlv
ri yduldqfh +DQRYD, whvw iru wkh gl￿huhqfhv lq wkh phdq ydoxhv ri U)G h￿ruw
ehwzhhq wzr jurxsv ri +svhxgr,￿upv= doohjhg Vwdfnhoehuj ohdghuv dqg doohjhg
Vwdfnhoehuj iroorzhuv1 Zh whvwhg wkh ohyho ri vljql￿fdqfh ri vxfk gl￿huhqfhv xv0
lqj erwk wkh wrwdo dprxqw ri ￿upv* U)G h{shqglwxuhv dqg wkh sur{| iru U)G
lqwhqvlw|1
45Wdeoh 61 Hpslulfdo whvw ri Sursrvlwlrqv 7 dqg 8
Pdunhw ohdghuv kdyh d orzhu lqfhqwlyh wr lqyhvw lq U)G
W|sh ri ￿pv Phdq Vwg Ghy Q1 fdvhv DQRYD
Doo 45:1853 <<313:;3 68<3
U)G Iroorzhuv :31648; 5<;1:<<5 6345 9618;75WWW
Wh{w1 Ohdghuv 7581;8:3 5684185;3 8::
Doo 417997 51<57< 68<3
U)GbHPSO Iroorzhuv 415885 516496 6345 43315:79WWW
Ohdghuv 5189:: 71;:9< 8::
Doo <5:19;39 786<174;< 47;8
U)G Iroorzhuv :918<:6 43;3139<4 43:3 47;14;;3WWW
Forwk1 Ohdghuv 64581:9:4 ;34619:83 747
Doo 514436 ;1446; 47;8
U)GbHPSO Iroorzhuv 31:773 716<<4 43:3 44:15:8<WWW
Ohdghuv 8196<4 451<<97 747
Doo 6:841;6<3 695951:898 666<
U)G Iroorzhuv 43951:98; 99451;7:5 5:<3 <81;;73WWW
Fkhp1 Ohdghuv 4:73916778 ;9<6<153;< 87<
Doo 4815539 4:;17<57 666<
U)GbHPSO Iroorzhuv 4:1398; 4<815435 5:<3 41;457
Ohdghuv 81;843 918573 87<
Doo 9;4196<< 7;9:1853< 46683
U)G Iroorzhuv 99413654 7:<3177:6 46646 ;91<;;3WWW
Phfk1 Ohdghuv ;45813:;7 4893:15<58 6:
Hqj1 Doo :1:987 4381:768 4667;
U)GbHPSO Iroorzhuv :1::73 4381;;<6 46644 31364<
Ohdghuv 7198<4 81;73< 6:
---1 Vljql￿fdqw dw <8( ohyho ri frq￿ghqfh
Zlwk wkh ￿uvw phdvxuh ri lqqrydwlyh dfwlylw|/ wkh uhvxow suhglfwhg e| wkh wkh0
ru| lv uhmhfwhg lq doo lqgxvwulhv= Vwdfnhoehuj ohdghuv lqyhvw lq U)G pruh wkdq
Vwdfnhoehuj iroorzhuv1 Wklv pd| vxjjhvw wkdw wkh h{whqw/ li dq|/ wr zklfk ￿upv
frqwuro vslooryhuv lv uhodwlyho| orz1 Pruh frqwuryhuvldo ￿qglqjv duh irxqg zkhq
xvlqj wkh phdvxuh iru U)G lqwhqvlw|= lqghhg/ iru erwk fkhplfdov dqg phfkdqlfdo
hqjlqhhulqj 0 qdpho|/ wkh wzr lqgxvwulhv wkdw/ dffruglqj wr wkhlu jhqhudo whfkqr0
orjlfdo ihdwxuhv/ duh olnho| wr eh pruh fohduo| frpplwwhg wr rzq U)G 0 lw wxuqv
rxw wkdw Vwdfnhoehuj ohdghuv lqyhvw lq U)G ohvv wkdq Vwdfnhoehuj iroorzhuv/ exw
wkh gl￿huhqfhv lq wkh phdq ydoxhv duh qrw vwdwlvwlfdoo| vljql￿fdqw1 Vlqfh U)G
46lqwhqvlw| lv wkh prvw uholdeoh phdvxuh ri d ￿up*v lqyroyhphqw lq lqqrydwlyh df0
wlylwlhv/ wkhvh uhvxowv fdq eh wdnhq dv d sduwldo fruurerudwlrq ri wkh k|srwkhvlv
suhvhqwhg lq Sursrvlwlrqv 7 dqg 8 deryh1
Wdeoh 71 Hpslulfdo whvw ri Sursrvlwlrq 9
U)G frrshudwlrq ohdgv wr d kljkhu U)G lqyhvwphqw
W|sh ri ￿pv Phdq Vwg Ghy Q1 fdvhv DQRYD
Doo 45:18453 <<313:;9 68<3
U)G U)GFrrs QR 4591:84: 43:31<:65 638< 313455WWW
Wh{w1 U)GFrrs \HV 4641;<57 4741<333 864
Doo 417997 51<57< 68<3
U)GbHPSO U)GFrrs QR 4139;7 51;568 638< 75;185<39WWW
U)GFrrs \HV 61:8<4 516<<4 864
Doo <5:19;4; 786<1754; 47;8
U)G U)GFrrs QR ;8715<67 76:617674 476< 4516367WWW
Forwk1 U)GFrrs \HV 656917683 :<691;49; 79
Doo 514436 ;1446< 47;8
U)GbHPSO U)GFrrs QR 41<<5; :1:;6: 476< <1;85<WWW
U)GFrrs \HV 81;396 471;;96 79
Doo 6:841;69: 695951:736 666<
U)G U)GFrrs QR 5<:<19868 6:38<19596 5;96 <14559WWW
Fkhp1 U)GFrrs \HV ;6<615748 639:419:4: 7:9
Doo 4815539 4:;17<58 666<
U)GbHPSO U)GFrrs QR 4914947 4<51:73: 5;96 3188:8
U)GFrrs \HV <18989 91679: 7:9
Doo 9;4196<< 7;9:1853< 46683
U)G U)GFrrs QR 873186:4 747;17475 449;4 :;1<:96WWW
Phfk1 U)GFrrs \HV 499<1538: ;5781:4;5 499<
Hqj1 Doo :1:987 4381:768 4667;
U)GbHPSO U)GFrrs QR ;13379 4451<<3: 449:< 317:::
U)GFrrs \HV 913<4< <15<;8 499<
---1 Vljql￿fdqw dw <<( ohyho ri frq￿ghqfh
Dv vwdwhg lq sursrvlwlrq 9+ll,/ ￿upv lqyroyhg lq U)G frrshudwlrq duh h{shfwhg
wr h{klelw kljkhu ohyhov ri U)G lqyhvwphqw1 Wr whvw wklv wkhruhwlfdo suhglfwlrq
hpslulfdoo|/ zh hpsor| djdlq wkh DQRYD whvw iru wkh gl￿huhqfhv lq wkh phdq
ydoxhv ri U)G h￿ruw lq wkh fdvhv ri +svhxgr,￿upv zkr duh lqyroyhg lq U)G
frrshudwlrq dqg +svhxgr,￿upv zkr duh qrw1
47Frqfhuqlqj wkh fdvhv ri wh{wlohv48 dqg forwklqj +Wdeoh 7,/ wkh hpslulfdo whvw
vxssruwv wkh k|srwkhvlv wkdw ￿upv lqyroyhg lq U)G frrshudwlrq glvsod| d kljkhu
ohyho ri U)G h￿ruw/ lq whupv ri erwk U)G h{shqglwxuhv dqg U)G lqwhqvlw|1 Zlwk
uhvshfw wr fkhplfdov dqg phfkdqlfdo hqjlqhhulqj/ U)G lqwhqvlw| lv lqvwhdg orzhu
iru ￿upv zkr duh lqyroyhg lq frrshudwlyh U)G +dowkrxjk wkh gl￿huhqfh lv qrw
vwdwlvwlfdoo| vljql￿fdqw,/ zkhuhdv U)G h{shqglwxuhv duh vljql￿fdqwo| kljkhu iru
fr0rshudwlqj ￿upv1 Jlyhq wkh vshfl￿f ihdwxuhv ri wkh ryhudoo lqqrydwlrq surfhvv
lq hdfk lqgxvwu|/ wkh uhvxowv hphujlqj iurp wkh vfdoh lqwhqvlyh +Wh{wlohv, dqg wkh
vxssolhu grplqdwhg +Forwklqj, lqgxvwulhv49 vxjjhvw wkdw zkhq rzq U)G lv qrw dv
uhohydqw dv rwkhu vrxufhv ri whfkqrorjlfdo lqsxwv +h1j1/ nqrzohgjh hperglhg lq qhz
pdfklqhu| dqg whfkqlfdo htxlsphqw/ ohduqlqj e| grlqj/ hwf1,/ frrshudwlyh U)G
lv d zd| wr hqkdqfh wkh frpplwphqw/ dqg lpsuryh wkh delolw|/ wr fduu| rxw rzq
U)G1 Frqyhuvho|/ lq lqgxvwulhv zklfk uho| prvwo| xsrq rzq U)G dv d vrxufh ri
lqqrydwlrq/ olnh fkhplfdov dqg phfkdqlfdo hqjlqhhulqj/ ulydo ￿upv duh pruh olnho|
wr eh lqyroyhg lq irupdo dqg lqirupdo wudglqj ri sursulhwdu| nqrz0krz1
Wdeoh 81 Hpslulfdo whvw ri Sursrvlwlrq :
Frrshudwlrq hqkdqfhv wkh ohyho ri U)G vslooryhuv
W|sh ri ￿upv Phdq Vwg Ghy Q1 fdvhv DQRYD
Doo 4318433 318:93 68<3
Wh{w1 U)GFrrs QR 4318658 3193:5 638< 641<4;3WWW
U)GFrrs \HV 4316;35 31648: 864
Doo 4319559 41::78 47:7@
Forwk1 U)GFrrs QR 4318<74 41:<87 475; 441<738WWW
Dprxqw ri U)GFrrs \hv 441844: 313;<; 79
Vslooryhuv Doo 4715;;6 318;3: 666<
Fkhp1 U)GFrrs QR 4715995 318:<6 5;96 5<1634;WWW
U)GFrrs \HV 4717544 138:4< 7:9
Doo 461;933 3189;8 46683
Phfk1 U)GFrrs QR 461;7;3 318:47 449;4 741;63<WWW
Hqj1 U)GFrrs \HV 461<774 318735 499<
---1 Vljql￿fdqw dw <<( ohyho ri frq￿ghqfh> d1 Wkh gl￿huhqfh lv gxh wr plvvlqj ydoxhv
Lq sursrvlwlrq : deryh/ zh dvvhuw wkdw lqyroyhphqw lq U)G frrshudwlrq pd|
errvw wkh h{fkdqjh ri lqirupdwlrq ehwzhhq ￿upv/ wkhuhe| hqkdqflqj wkh ohyho ri
U)G vslooryhuv1 Dffruglqj wr wkh uhvxowv vkrzq lq Wdeoh 8 0 djdlq rewdlqhg e|
uxqqlqj wkh DQRYD whvw iru wkh gl￿huhqfhv lq wkh phdq ydoxhv ri U)G h￿ruw 0
48Hyhq li/ lq wkh fdvh ri U)G h{shqglwxuhv/ wkh gl￿huhqfh lv qrw vwdwlvwlfdoo| vljql￿fdqw1
49Zklfk kdyh ehhq vkrzq e| Sdylww +4<;7, wr uho| doprvw h{foxvlyho| +vxssolhu grplqdwhg,
dqg vljql￿fdqwo| +vfdoh lqwhqvlyh, rq h{whuqdo vrxufhv ri lqqrydwlrq1
48Sursrvlwlrq : lv frq￿uphg lq wkuhh lqgxvwulhv rxw ri irxu= zlwk wkh vroh h{fhswlrq
ri wkh wh{wloh lqgxvwu|/4: +svhxgr,￿upv lqyroyhg lq U)G frrshudwlrq ehqh￿w iurp
d kljkhu ohyho ri vslooryhuv1
8 Frqfoxglqj uhpdunv
Zh kdyh lqyhvwljdwhg vhyhudo dvshfwv ri ￿upv* U)G dfwlylw|/ xqghu wkh dvvxpswlrq
wkdw txdqwlw|0vhwwlqj ￿upv pd| frqwuro whfkqrorjlfdo h{whuqdolwlhv1 Zh kdyh frq0
vlghuhg erwk Frxuqrw0Qdvk dqg Frxuqrw0Vwdfnhoehuj ehkdylrxu1 Xqghu Frxuqrw0
Qdvk ehkdylrxu dw wkh pdunhw vwdjh/ zh kdyh dgguhvvhg dq lvvxh wkdw kdyh ehhq
odujho| ghedwhg lq wkh h{lvwlqj olwhudwxuh/ qdpho|/ zkhwkhu frrshudwlrq +hlwkhu dv
d mrlqw yhqwxuh ru dv dq U)G fduwho, hqwdlov d uhgxfwlrq lq wkh zhoo nqrzq hi0
iruw gxsolfdwlrq h￿hfw dvvrfldwhg zlwk vwulfwo| qrqfrrshudwlyh ehkdylrxu1 Xqghu
Frxuqrw0Vwdfnhoehuj ehkdylrxu/ zh kdyh lqyhvwljdwhg wkh lqfhqwlyhv wr lqyhvw lq
U)G zkhq ￿upv duh dv|pphwulf1 Wkh hpslulfdo dqdo|vlv grhv qrw surylgh vxs0
sruw wr wkh lghd wkdw ￿upv frqwuro vslooryhuv1 Lqghhg/ lw dsshduv wkdw vslooryhuv
duh dq hqylurqphqwdo ihdwxuh frqglwlrqlqj ￿upv* h￿ruwv/ udwkhu wkdq wkh rssr0
vlwh1 Pruhryhu/ wkh frvw0vdylqj h￿hfw dvvrfldwhg wr mrlqw yhqwxuhv ru U)G fduwhov
lv frq￿uphg iru lqgxvwulhv zkhuh ￿upv uho| pdlqo| xsrq rzq U)G dv d vrxufh ri
lqqrydwlrq1 Ilqdoo|/ frrshudwlqj lq U)G lqfuhdvhv wkh wudqvplvvlrq ri nqrzohgjh/
wkhuhe| hqkdqflqj vslooryhuv1
4:Dowkrxjk wkhlu gl￿huhqfhv duh vwdwlvwlfdoo| vljql￿fdqw/ wkh devroxwh ohyhov ri wkh phdq ydoxhv
duh yhu| forvh wr hdfk rwkhu1
49Uhihuhqfhv
^4‘ Dplu/ U1 +4<<;,/ ￿Prghoolqj Lpshuihfwo| Dssursuldeoh U)G yld Vslooryhuv￿/
glvfxvvlrq sdshu <;03:/ FLH/ Frshqkdjhq1
^5‘ Ehuqvwhlq/ M1L1 dqg P1L1 Qdglul +4<;;,/ ￿Lqwhulqgxvwu| U)G Vslooryhuv/ Udwhv
ri Uhwxuq dqg Surwhfwlrq lq Kljk0Whfk Lqgxvwulhv￿/ Dphulfdq Hfrqrplf Uh0
ylhz/ :; +S)S,/ 75<0671
^6‘ Fdvvlpdq/ E1 dqg U1 Yhxjhohuv +4<<<,/ ￿U)G Frrshudwlrq dqg Vslooryhuv=
Vrph Hpslulfdo Hylghqfh￿/ FHSU Glvfxvvlrq Sdshu qr1 5663/ FHSU/ Orq0
grq1
^7‘ g*Dvsuhprqw/ F1 dqg D1 Mdftxhplq +4<;;,/ ￿Frrshudwlyh dqg Qrqfrrshud0
wlyh U)G lq d Gxrsro| zlwk Vslooryhuv￿/ Dphulfdq Hfrqrplf Uhylhz/ :;/
44660:1
^8‘ gh Erqgw/ U1/ S1 Vodhwv dqg E1 Fdvvlpdq +4<<5,/ ￿Wkh Ghjuhh ri Vslooryhuv
dqg wkh Qxpehu ri Ulydov iru Pd{lpxp H￿hfwlyh U)G￿/ Lqwhuqdwlrqdo Mrxu0
qdo ri Lqgxvwuldo Rujdql}dwlrq/ 43/ 680871
^9‘ Gh Iudmd/ J1 +4<<6,/ ￿Vwudwhjlf Vslooryhuv lq Sdwhqw Udfhv￿/ Lqwhuqdwlrqdo
Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq/ 44/ 46<0791
^:‘ Ghoerqr/ I1 dqg Y1 Ghqlfroı +4<<4,/ ￿Udfhv ri Uhvhdufk dqg Ghyhors0
phqw ehwzhhq Ilupv zlwk Gl￿huhqw Lqfhqwlyhv wr Lqqrydwh￿/ Uhfkhufkhv
Hfrqrpltxhv gh Orxydlq/ 8:/ 4360561
^;‘ Jhurvnl/ S1 +4<<8d,/ ￿Gr Vslooryhuv Xqghuplqh wkh Lqfhqwlyh wr LqqrydwhB￿/
lq Grzulfn/ V1 +hg1,/ Hfrqrplf Dssurdfkhv wr Lqqrydwlrq/ Doghuvkrw/ Hojdu1
^<‘ Jhurvnl/ S1 +4<<8e,/ ￿Pdunhwv iru Whfkqrorj|= Nqrzohgjh/ Lqqrydwlrq dqg
Dssursuldelolw|￿/ lq Vwrqhpdq/ S1 +hg1,/ Kdqgerrn ri wkh Hfrqrplfv ri Lq0
qrydwlrq dqg Whfkqrorjlfdo Fkdqjh/ R{irug/ Eodfnzhoo1
^43‘ Julolfkhv/ ]1 +4<<8,/ ￿U)G dqg Surgxfwlylw|= Hfrqrphwulf Uhvxowv dqg Phd0
vxuhphqw Lvvxhv￿/ lq Vwrqhpdq/ S1 +hg1,/ Kdqgerrn ri wkh Hfrqrplfv ri
Lqqrydwlrq dqg Whfkqrorjlfdo Fkdqjh/ R{irug/ Eodfnzhoo1
^44‘ Jurvvpdq/ J1 dqg F1 Vkdslur +4<;:,/ ￿G|qdplf U)G Frpshwlwlrq￿/ Hfr0
qrplf Mrxuqdo/ <:/ 6:50;:1
^45‘ Khqultxhv/ L1 +4<<3,/ ￿Frrshudwlyh dqg Qrqfrrshudwlyh U)G zlwk Vslooryhuv=
Frpphqw￿/ Dphulfdq Hfrqrplf Uhylhz/ ;3/ 96;0731
^46‘ Klqorrshq/ M1 +4<<:,/ ￿Vxevlgl}lqj U)G Frrshudwlyhv￿/ glvfxvvlrq sdshu
<:048/ FLH/ Frshqkdjhq1
^47‘ Klssho/ H1 yrq +4<;:,/ ￿Frrshudwlrq Ehwzhhq Ulydov= Lqirupdo Nqrz0krz
Wudglqj￿/ Uhvhdufk Srolf|/ 49/ 5<406471
^48‘ Klssho/ H1 yrq +4<;;,/ Wkh Vrxufhv ri Lqqrydwlrq/ R{irug/ R{irug Xqlyhuvlw|
Suhvv1
^49‘ Ndplhq/ P1/ H1 Pxoohu dqg L1 ]dqj +4<<5,/ ￿Uhvhdufk Mrlqw Yhqwxuhv dqg
U)G Fduwhov￿/ Dphulfdq Hfrqrplf Uhylhz/ 85/ 45<6046391
^4:‘ Ndwvrxodfrv/ \1 dqg G1 Xosk +4<<;,/ ￿Hqgrjhqrxv Vslooryhuv dqg wkh Shu0
4:irupdqfh ri Uhvhdufk Mrlqw Yhqwxuhv￿/ Mrxuqdo ri Lqgxvwuldo Hfrqrplfv/ 79/
66608:1
^4;‘ Ndw}/ P1 +4<;9,/ ￿Dq Dqdo|vlv ri Frrshudwlyh Uhvhdufk dqg Ghyhorsphqw￿/
UDQG Mrxuqdo ri Hfrqrplfv/ 4:/ 85:0761
^4<‘ Ndw}/ P1 dqg M1 Rugryhu +4<<3,/ ￿U)G Frrshudwlrq dqg Frpshwlwlrq￿/
Eurrnlqjv Sdshuv/ Plfurhfrqrplfv/ 46:05361
^53‘ Odpehuwlql/ O1 dqg J1 Urvvlql +4<<;,/ ￿Surgxfw Krprjhqhlw| dv d Sulvrqhu*v
Glohppd lq d Gxrsro| zlwk U)G￿/ Hfrqrplf Ohwwhuv/ 8;/ 5<:06341
^54‘ Odpehuwlql/ O1/ V1 Srggdu dqg G1 Vdvdnl +4<<;,/ ￿Vwdqgdugl}dwlrq dqg wkh
Vwdelolw| ri Frooxvlrq￿/ Hfrqrplfv Ohwwhuv/ 8;/ 6360431
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